Although various long term adaptation measures are currently implemented by farmers to adapt to the effects of climate change in Tanzania, information regarding factors determining choice of adaptation options between men and women is scarce. A gendered analysis was done to analyze determinants of adaptation to climate change in Bahi and Kondoa Districts, Dodoma Region, Tanzania. A cross-sectional research design was adopted whereby the data was collected from a sample of 360 respondents, 12 focus groups and 18 key informants. Analysis of quantitative data involved descriptive statistics and multinomial logit model using Nlogit 3.0 and qualitative data were summarized by using content analysis. Results revealed that the main occupation and land size were the main factors that determined adaptation options for men during food shortage while for women, the main factor was marital status. The village/location of respondents was the main factor that determined climate change adaptation option for women to adapt crops to climate change whereas, for men, access to agricultural knowledge was the main factor that encouraged men to use improved seeds, manure and deep cultivation, instead of selecting and keeping enough seeds for the next season. It is concluded that factors determining choice of climate change adaptation between men and women are not the same, emphasizing the need for gender differentiated interventions to promote climate change adaptation. Thus, planners and policy makers from Agriculture, Livestock and Environment sectors; Tanzania NAPA and other development practitioners dealing with climate change should use gender sensitive interventions to manage climate change.
Though climate change may have various definitions depending on the way it is perceived locally this study adopted the IPCC definition of climate change that refers to a change in the state of the climate that can be identified (for example, by using statistical tests) by changes in the mean and/or the variability of its properties and that persists for an extended period, typically decades or longer (IPCC, 2007b) . It is a long-term continuous change (increase or decrease) to average weather conditions (e.g. average temperature) or the range of weather (e.g. more frequent and severe extreme storms) (Dinse, 2011) . Climate change may be due to natural internal processes or external forces or to persistent anthropogenic changes in the composition of the atmosphere or in land use (IPCC, 2007b) .
Methodology

Study Area
The study was conducted in three villages of Bahi District, Dodoma Region, namely Nagulobahi, Chipanga B and Msisi; and three villages of Kondoa District that is Puhi, Isusumya and Kurio. Administratively Bahi District has four divisions, 21 wards and 56 villages whereas Kondoa District has eight divisions, 35 wards and 160 villages. Both Districts are situated in semi-arid areas and have a dry savannah type of climate which is characterized by long dry season, unimodal and erratic rainfall that falls between November/December and April. Bahi District has an annual average rainfall of about 500 to 700 mm and annual average temperature of about 22.6 0 C. Kondoa District has an annual average rainfall of about 500 to 800 mm and an annual temperature of about 21 0 C. The economies of Bahi and Kondoa Districts depend on agriculture (crops and livestock production). The main crops grown in Bahi District are pearl millet, sorghum, paddy and ground nuts; and for Kondoa District the main crops are maize, finger millet, oil seeds, pearl millet and sorghum (URT, 2003) .
Research Design and Study Population
A cross-sectional research design was used in this study. The design is useful for descriptive purposes, as well as determination of relationships between and among variables and allows the use of other methods of data collection such as observations (Kothari, 2004) . The population of the study was farmers dealing with crop farming and livestock keeping in the study area; and the list of all farmers dealing with crops and livestock production formed a sampling frame from which two strata, one of men and the other of women were chosen. A sampling unit was a man or a woman farmer.
Sampling and Sample Size
Sampling techniques involved purposive sampling, stratified and simple random sampling. Purposive sampling was used to select Bahi and Kondoa districts, three divisions from each district, one ward from each division and one village from each ward. Reasons for the selection of the two districts were that the selected area is in a semi-arid, the area more vulnerable to climate change due to prominent and persistent variation in rainfall, temperature and drought; and the area where climate change evidence is expected to be more apparent (Food and Agricultural Organization [FAO], 2008; IPCC, 2007a) ; also another reason that prompted the researcher to select the study area was a need to capture local knowledge about climate change from diverse cultural perspectives (that is from Warangi, Wagogo, Wanyambwa and Wasandawe). The selection of wards and villages was based on the areas that were far from the ward centre/town where crop farmers and livestock keepers resided and where limited (or no) research, especially on climate change, having been conducted to avoid duplication of efforts. After selecting the villages, Yamane (1967) formula was used to get sample of 360 respondents from the population of the study. Yamane (1967) provides a table that indicates population size and an appropriate sample size to be drown from indicated population, using a simplified formula, that is:
(1) Where: n = the sample size N = the population size e = the level of precision (an error of five percent).
Since the study was focused on gender, the sampling frame was put into two strata of men and women using this formula:
Where: The two sub-samples were 29 men and 31 women per village (Ahmed, 2009; Kothari, 2004) . However, from the two strata, a simple random sampling technique was employed to select 30 men and 30 women per village in order to facilitate a fair discussion where comparison between men and women per village was necessary (Kothari, 2004) .
Type of Data, Data Collection Methods and Tools for Data Collection
Both primary and secondary data were collected. Primary data involved qualitative and quantitative data. Methods to collect qualitative data were key informant interviews and focus group discussions; and a structured questionnaire was used to collect quantitative data. To collect qualitative data, a checklist of items for in-depth interviews with key informants was used to gather information from 18 key informants; and a focus group interview guide was used in discussion to gather information from 12 focus groups (one for men and another for women from each village). To collect quantitative data, a structured questionnaire was administered to a sample of 360 respondents to verify and quantify some of the findings from qualitative data.
Data Analysis
Analysis of qualitative data involved content analysis in which the data were broken down into smallest meaningful units of information and/or themes and summarized to supplement important information with respect to the objectives of the study. Quantitative data analysis was based mainly on descriptive statistics including frequencies, means and percentages. A multinomial logit model was used to analyze factors determining choice of climate change adaptation options between men and women using Nlogit 3.0.
Multinomial logit model and multinomial probit model are commonly used in adoption decision studies involving multiple choices. The models are important in analyzing adaptation decision of farmers and they are appropriate for evaluating alternative combinations of adaptation options (Mbwambo et al., 2011; Hassan and Nhemachena, 2008) . However, this study used a multinomial logit model to investigate factors determining choice of climate change adaptation options between men and women because the model is easier to compute (Mbwambo et al., 2011; Hassan and Nhemachena, 2008) . It is assumed from the study that each respondent faces a set of discrete, mutually exclusive choices of adaptation options, which are assumed to depend on socio-economic, cultural and demographic factors . The multinomial logit model for the choice of adaptation option specifies the following relationship between the probability of choosing adaptation option and the set of independent variables as (Greene, 2003) :
Where is a vector of a coefficient on each of the dependent variables X. Equation (3) can be normalized to remove indeterminacy in the model by assuming that = 0 and the probabilities can be estimated as:
Estimating equation (4) yields the J log odds ratios
The dependent variable is, therefore, the log of one alternative relative to the base alternative. The Multinomial Logistic regression coefficients are difficult to interpret, and associating with the outcome is tempting and misleading. To interpret the effects of explanatory variables on the probabilities, marginal effects are usually derived as (Greene, 2003) :
The marginal effects measure the expected change in probability of a particular choice being made with respect to a unit change in an explanatory variable (Greene, 2003) . The signs of the marginal effects and respective coefficients may be different as the former depend on the sign and magnitude of all other coefficients.
The Dependent and Independent Variables Used in the Model
The dependent variable used in the model was gender specific adaptation practices to climate change (Table 1) . The variable consisted of various adaptation options practiced by the majority of respondents in the study area, which fell into three groups: (i) adaptation options implemented to reduce food shortage or hunger, (ii) adaptation options implemented to reduce effects of climate change on crops, and (iii) adaptation options implemented to reduce effects of climate change on land and/or environment. The independent variables used in the empirical analysis were: household size, experience of respondent in crops production (years) and the land size (hectares) owned by respondents (Table 2) . Land size (hectares) owned by respondents 3.8 1.9
Other independent variables used in the empirical analysis were village of respondents/location, access to agricultural knowledge, credit, land ownership, access to education, main occupation undertaken by respondent, ethnic group and marital status (see Appendix 1). Table 3 shows marginal effects and ρ-levels for choice of adaptation options between men and women during food shortage or hunger from the multinomial logit model. The reference category regarded as a base (Y = 0) from which men and women were expected to move to other adaptation options in this analysis was adaptation option 'reduce number of meals per day'. Other adaptation options were sell labour (Y = 1), sell livestock and/or local chicken (Y = 2), engage in non-farm production activities (Y = 3) and plant hunger buffering crops (Y = 4).
Results and Discussions
Factors Determining Choice of Adaptation Options to Reduce Food Shortage/Hunger by Sex
It is revealed in Table 3 that some of explanatory variables were statistically significant at 5% level and the chi-square result shows that the likelihood ratio statistic was significant at ρ ≤ 0.01 for both men and women.
(The estimated coefficients are given in Appendix 2). The second column in Table 4 compares the choice of adaptation option 'sell labour' with 'reduce the number of meals per day'. Marginal effects and their signs reflect the expected change in the probability of choosing to sell labour as opposed to reducing the number of meals per day per unit change in the explanatory variable. This explanation applies to other remaining choices in Table 3 . It is depicted in Table 3 that a unit change in the main occupation undertaken by respondents significantly (5%) increased the decision of men to sell labour; a unit change in the land size and experience in crop production, significantly (5% each) increased their decision to plant hunger buffering crops, but experience in crop production, significantly (5%) reduced the decision of men to engage in non-farm production activities; while a unit change in the household size significantly (5%) reduced the decision of men to plant hunger buffering crops, instead of reducing the number of meals per day. Thus, from the findings it is revealed that the main occupation, land size and experience in crop production were the main factors that positively and significantly determined the choice of adaptation options for men during food shortage or hunger, encouraging them to sell labour and plant hunger buffering crops (that is cassava and sweet potatoes) instead of reducing the number of meals per day.
Although experience in crop production encouraged men to plant hunger buffering crops to adapt to food shortage, the same variable discouraged them from engaging in non-farm production activities, while household size discouraged men from planting hunger buffering crops thus, causing the majority of men with larger households to remain with only one adaptation option (selling labour). This can be explained by the fact that food shortage or hunger occurred when production especially of crops failed mainly due to drought or floods. During such periods farmers were forced to search for other alternatives for them to survive. In the study area the main production activities were agro-pastoral and crop production of which, men were mainly agro-pastorals (78.9% of men 50% of women).
Farmers were also engaged in non-farm production activities whereby men dealt mainly with fishing, charcoal and livestock businesses and women were undertaking local beer business, petty trade, salt and pottery businesses. Most of the non-farm production activities also failed during drought because they depended on rain.
As the non-farm production activities failed, farmers were forced to engage in selling labour. Although majority of farmers planted hunger buffering crops, as drought persisted, all crops were damaged by drought. This indicates further that measures to increase production and maintain sustainability of production activities in the study area are vital for farmers to adapt to food shortage or hunger, as climate change increases.
In the case of women, it is shown in Table 3 that a unit change in marital status, significantly (5%) increased the decision of women to sell labour, but significantly (5%) discouraged them from planting hunger buffering crops. A unit change in experience of respondent in crop production, significantly (5%) increased decision of women to plant hunger buffering crops, but significantly (5%) reduced their decision to sell labour. A unit change in land size, significantly (5%) reduced the decision of women to plant hunger buffering crops, while a unit change in ethnic group of respondents significantly (5%) reduced decision of women to engage in non-farm production activities. The results mean that the main factors that determined the choice of adaptation options among women during food shortage or hunger were marital status and experience of respondents in crop production. Marital status and experience of respondents in crop production encouraged women to sell labour and plant hunger buffering crops respectively.
The findings have shown that the land size encouraged men, but discouraged women from planting hunger buffering crops to adapt to food shortage or hunger. It is shown in Table 2 that the average land size owned by men in the study area was 3.8 hectares while on average women owned 1.9 hectares. Since the land size of women was small, they had to give priority to food crops, but the size of land of men enabled them to plant additional crops including the hunger buffering crops, meaning that small farms was among the factors that hindered adaptation effort, especially for women in the study area. The experience of respondents in crop production also positively and significantly influenced the choice of adaptation options for men and women, suggesting that more experienced farmers were more likely to adapt to climate change than less experienced ones. The observation concurred with the findings of Hassan and Nhemachena (2008) , who asserted that experienced farmers have better knowledge on agronomic practices that can be used to adapt to the changes in climate.
Factors Determining Choice of Adaptation Options to Reduce Effects of Climate Change to Crops by Sex
The marginal effects and ρ-levels for the choice of adaptation options for men and women to adapt crops to climate change from the multinomial logit model are shown in Table 4 Table 5 show that some of the explanatory variables were statistically significant at 5% level and the chi-square test results show that the likelihood ratio statistic was significant at ρ ≤ 0.01 for both men and women. (The estimated coefficients are given in Appendix 3). The second column in Table 5 compares the choice of adaptation option of 'use of deep cultivation' with 'select and keep enough seeds for the next season'. The marginal effects and their signs reflect the expected change in the probability of choosing to use deep cultivation as opposed to selecting and keeping enough seeds per unit change in the explanatory variable. This explanation applies to other remaining choices in Table 4 . Table 4 shows that a unit change in the village/location of respondents, significantly (5%) increased the decision of men to use improved seeds and manure respectively, but significantly (5%) reduced their decision to change crop varieties to adapt crops to climate change, instead of selecting and keeping enough seeds for the next season. Moreover, a unit change in respondents' access to agricultural knowledge, significantly (5%) increased the decision of men to use deep cultivation instead of selecting and keeping enough seeds for the next season. Hence, the village/location of respondents and access to agricultural knowledge were the main factors that positively and significantly determined the choice of adaptation options for men to reduce effects of climate change on crops, encouraging them to use improved seeds, manure and deep cultivation, instead of selecting and keeping enough seeds for the next season. The observation concurred with the findings of other studies including Enujeke and Ofuoku (2012) and Hassan and Nhemachena (2008) , who found that access to crop and livestock extension services, significantly increases the likelihood of adaptation. Table 4 further shows that a unit change in the village/location of respondents significantly (5%) increased the decision of women to change crop varieties, but significantly (5%) reduced their decision to use manure, while a unit change in the land ownership, significantly (5%) reduced the decision of women to use deep cultivation and change crop varieties respectively instead of selecting and keeping enough seeds for the next season. According to the findings, the village/location of respondents was the main factor that determined choice of climate change adaptation options for women to reduce effects of climate change to crops, encouraging them to change crop varieties instead of selecting and keeping enough seeds for the next season.
However, land ownership of respondent had no significant influence on the decision of men to reduce effects of climate change on crops, indicating that the choice of adaptation option for men depended on other factors rather than land. In the case of women those who had land were likely to adapt crops to climate change compared to those who had no land, meaning that promotion of land ownership for women in the study area would increase their adaptation efforts. The findings were in line with the study of Nabikolo et al. (2012) who found that the land ownership had negative influence on adaptation to climate change for men headed household.
The findings also revealed that the village/location of respondents discouraged women from using manure on their farms, but encouraged men to use manure and improved seeds. The revealed variation could be due to the fact that men were the main agro-pastoralists (78.9% of men 50% of women), keeping livestock, and they were in a better position to access manure compared to women. It was also revealed during focus group discussions that men managed to buy and/or hire other technologies including tractors, wheel barrows and power tillers to ferry manure to their farms. Moreover, using manure and improved seeds were among the by-laws in the study area. Village leaders distributed improved seeds especially of sorghum, pearl millet, maize, sunflower and cowpeas crops to the farmers, but the seeds were inadequate and sometimes brought when the season was over. Men, the majority of whom were mobile and liquid financially compared to women, travelled to Kondoa, Bahi and Dodoma towns to buy improved seeds instead of relying on the small amount of seeds brought in their respective villages. This means that locating input markets in the village where women could easily access would improve efforts of women to adapt crops to climate change.
It is also indicated in Table 4 that access to credit had no significant influence on the choice of adaptation options for both men and women. The findings were contrary to the studies of Nabikolo et al. (2012) , Derressa et al. (2009) and Gbetibouo (2009) , which reveal that the availability of credits has positive and significant impact on adaptation to climate change, as access to credits increases financial resources of farmers, reduces cash constraints and allows farmers to purchase inputs including improved seeds. In the study area credit services were inadequate and only few respondents (12.8% of men and 11.1% of women) had access to credit. Men borrowed from the traditional credit (the rich men livestock keepers/matajiri ng'ombe) and women from the Savings and Credit Co-operative Societies (SACCOS). The loans borrowed were small and could not influence adaptation, indicating that the low access to credit discouraged adaptation to climate change. Thus, there is a need to facilitate farmers' access to credits in the study area in order to improve adaptation to climate change.
Furthermore, access to education had no significant influence on decision of men and women to adapt crops to climate change. The results were contrary to the studies of Enujeke and Ofuoku, (2012) , Deressa et al. (2009) and Maddison (2006) , which have shown that there is a positive relationship between the educational level of respondents and adaptation to climate change. In the study area 86.7% of men and 72.2% of women had access to education of which 83.3% of men and 69.4% of women had attained primary school education level. The observation indicates that the kind of knowledge acquired by men and women from primary school education could not influence adaptation to climate change, suggesting the subject of climate change to be introduced in the curriculum of primary school education to improve climate change awareness.
Factors Influencing Choice of Adaptation Options to Reduce Climate Change Effects to Land by Sex
The marginal effects and ρ-levels for the choice of adaption options for men and women to adapt land and/or environment to climate change from the multinomial logit model are shown in Table 5 . In this analysis, adaptation option 'avoid cultivating along steep slopes' was a reference category considered to be a base (Y = 0) from which men and women were expected to move to other adaptation options including: 'plant trees' (Y = 1), 'make contours and/or plant reeds' (Y = 2) and use ridge farming (Y = 3). According to the findings in the Table, some of explanatory variables are statistically significant at the 5% and 1% levels and the chi-square result shows that likelihood ratio statistic was significant at ρ ≤ 0.001 for both men and women. (The estimated coefficients are given in Appendix 4). The second column in Table 5 compares the choice of the adaptation option 'plant trees' with 'avoid cultivating along steep slopes'. The marginal effects and their signs reflect the expected change in the probability of choosing to plant trees as opposed to 'avoid cultivating along steep slopes' per unit change in the explanatory variable. This explanation applies to other remaining choices in Table 5 .
It is shown in Table 5 that a unit change in the access to agricultural knowledge significantly (5%) increased the decision of men to plant trees and for women to use contours and/or plant reeds; the village/location of respondents positively and significantly (1%) determined choices of men and women to use contours and/or plant reeds to control soil erosion but significantly (1%) reduced their decisions to plant trees as opposed to avoid cultivating along steep slopes. In addition, a unit change in the level of education significantly (5%) reduced decisions of women to use contours and/or plant reeds but it had no significant influence on men; and a unit change in the experience of respondents in crop production significantly (1%) reduced decision of women to undertake ridge farming; while a unit change in the land ownership significantly (5%) increased decision of women to undertake ridge farming instead of avoiding cultivating along steep slopes. Access to education significantly reduced decision of women to use contours and/or plant reeds but it had no significant influence on men, showing that the knowledge gained from primary school was lacking the component of land use and/or environmental conservation, the defect that could be corrected by providing farmers with land use and/or environmental conservation knowledge. Table 5 also shows that, a unit change in the experience of respondents in crop production significantly (1%) reduced decision of women to undertake ridge farming while a unit change in the land ownership significantly (5%) increased their decision to undertake ridge farming as opposed to avoid cultivating along steep slopes. Therefore, access to agricultural knowledge and the village/location of respondents were the main factors that positively and significantly determined the choice of adaptation options for men to reduce effects of climate change on land, encouraging them to plant trees and use contours and/or plant reeds to control soil erosion, while for women the land ownership, access to agricultural knowledge and village/location of respondents were the main factors that positively and significantly encouraged them to use contours and/or plant reeds and ridge farming to reduce effects of climate change on land and/or environment.
The village/location of respondents supporting adaptation to climate change effects could be explained by the fact that, the two districts of Bahi and Kondoa where the study villages were located that is Nagulobahi, Chipanga B and Msisi for Bahi District and Puhi, Isusumya and Kurio for Kondoa District, were not in the same altitude. The villages of Kondoa District were a bit in higher altitude compared to those of Bahi District and contours and/or reeds were practiced mainly at Kondoa District because of its location. In addition, Kurio and Puhi villages practiced ridge farming for the most of their crops, but in other villages especially of Bahi District ridge farming was mainly applied in sweet potatoes and cassava farms. Moreover, during key informants interviews and focus group discussions it was revealed that, farmers were not allowed to cut down trees unless for a genuine reason and after seeking permission from the village environmental committee members. There was also a culture to protect traditional trees, which farmers observed under their traditional leaders. For the farmers who cut down traditional trees the penalty was to pay a goat. Those village by-laws and/or regulations and traditions/culture encouraged adaptation to climate change in the study area.
Conclusions and Recommendations
This study has analyzed factors determining choice of climate change adaptation options between men and women by using a multinomial logit model. Dependent variables used in the model were: adaptation options implemented to adapt to food shortage or hunger, adaptation options implemented to adapt crops to climate change and adaptation options implemented to adapt land and/or environment to climate change. The dependent variable was regressed on the following independent variables: household size, experience of respondents in crops production and land size. Other independent variables were village/location of respondents, access to agricultural knowledge, access to credit, education, the main occupations undertaken by respondents, ethnic groups of respondent, land ownership and marital status.
The study has shown that the main factors that positively and significantly determined choice of climate change adaptation options between men and women were the main occupation, land size, experience of respondents in crop production, the village/location of respondents, access to agricultural knowledge, marital status and land ownership. The main occupation, land size, experience of respondents in crop production, the village/location of respondents and access to agricultural knowledge determined choice of climate change adaptation for men, whereas for women, the land ownership, marital status, experience of respondents in crop production, the village/location of respondents and access to agricultural knowledge were the main factors that determined their decision to adapt to climate change.
Although experience of respondents in crop production and village of respondents had effects on the choice of climate change adaptation for both men and women, in some cases their influence was different. For example, the village of respondents encouraged men to use improved seeds and manure respectively to adapt crops to climate change, but discouraged women from using manure and instead encouraged them to sell labour to adapt crops to climate change. The differences revealed in the factors influencing choice of climate change adaptation between men and women prove that factors determining choice of climate change adaptation between men and women are not the same, emphasizing the need for gender differentiated interventions to promote climate change adaptation. Therefore, there is a need for the Agricultural, Livestock and Environmental sectors; the NAPA,
LGAs, NGOs and other development practitioners dealing with climate change to use gender sensitive interventions to manage climate change effects.
On the other hand, issues such as unequal land ownership between men and women, inadequate access to agricultural knowledge and credits; failure of village leaders/government to provide farmers with necessary inputs and services such as, improved seeds; and weak enforcement of village by-laws were among the factors that aggravated the variation in the choice of adaptation options between men and women. Thus, it is important for the LGA, NGOs, CBOs and other development practitioners to create awareness on the importance of women to own land; to make sure that inputs are provided to farmers on time; and ward and village leaders to make sure that by-laws and other regulations are implemented in the study area.
At the policy level, in order to promote adaptation to climate change it is important for the policymakers and planners including the Tanzania NAPA to introduce necessary measures to reduce inequality in land ownership between men and women; ensure allocation of crops and/or livestock extension agents at the village level to improve agricultural knowledge for both men and women; to facilitate the availability of and access to agriculture inputs at affordable price, credit services; and develop mechanism which will promote production and ensure sustainability of production activities in the study area. Policymakers and planners would also do well if they could develop measures to introduce the subject of climate change and environment conservation in the curriculum of primary school education to improve climate change and environment conservation awareness in the study area and in Tanzania. 
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